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LGP PHU BAO VE CHONG AN MON TREN CO SG EPOXY VOI SU
CcO MAT CUA POLYINDOL LAI TAP AXIT INDOL-3 BUTYRIC

Dén Toa soan 20-9-2006

TRINH ANH TRUC, LE KIM ANH, NGUYEN THI LE HIEN, TO THI XUAN HANG
Vién Ky thudr Nhiét doi, Vién Khoa hoc va Céng nghé Viét Nam

SUMMARY

This study is focused on the synthesis of a polyindole doped by indole-3 butyric acid (PI-1BA}).
IR analyze indicated that the linkage positions of indole involves the position 2 and 3 of the
monomer and the insertion of IBA in the polymer backbone. Polyindole IBA doped was
incorporated into epoxy resin for protection anticorrosion of carbon steel. The electrochemical
impedance measurements show a significantly improvement of protective properties in presence
of PI-IBA in comparison with pure epoxy and epoxy containing polyindole coating. The local
electrochemical impedance measurements show the self healing capacity of coating containing
PI-IBA. In this case, this conducting polymer acts as a smart paint releasing inhibitors on demand
by the redox reaction between polyindole and metal surface.

1- MG DAU

Ké tir khi DeBerry [1] va Mengoli [2] trinh
bay tng dung cha 16p ma polyanilin (PANT) dé
bao vé chdng an mon cho thép, da c6 rat nhiéu
cong trinh nghién citu st dung polyme din dé
bdo vé chéng 4n mon cho nhém, kém, déng, sét
thép ma thép cacbon [3 - 7]. Cic két qua nghién
citu dd ching to hiéu qua bao vé chdng dn mon
cao cha 16p ma polyme dan trong moi trudng
axit hodc trung tinh va co ché hoat dong cua 15p
phti [8, 9]. Tuy nhién, 16p phl ndy c6 tuéi tho
khong cao, thuong duge sit dung nhu 16p phi
tam thoi, mat khdc viéc Uing dung cho cdc cdu
kién 16n gip nhiéu try ngai vé thiét bi.

Mdi day, do ddi hoi cha thuc t&€ vé bao vé
moi trudng, cdc hop chat kim loai nang sit dung
trong 16p pht bao vé chdng an modn dang phai
han ch€ sir dung va dan dén loai bo. Viéc tim
ki€m cdc hop chit mdi ¢ hiéu qua cao va than
thién moi trudng nhim thay th€ cic hop chét
cromat dang trd nén- blc thi€t. Cic hgp chit
polyme dén ciing da bit ddu dugc quan tadm dén
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dé sir dung nhu mot chit e ché an mon cho 16p
pht hitu co [10 - 12].

Trong bai bdo nay, polyindol lai tap v&i axit
indol-3 butyric da dugce sir dung nhw mot chat e
ch€ an mon trong 16p phi epoxy trén nén thép
cacbon. Trong cong trinh nghién cttu trude, axit
indol-3 butyric dd dugc sir dung nhu mot chat dc
ché€ an mon cho thép trong méi trudng NaCl 0,1
M [13].

1I - THUC NGHIEM

1. Nguyén liéu
Nén kim loai nghién cqu 13 thép cacbon
X(C35, kich thude 150 x 100 x 2 mm.

Chét tao mang la nhua epoxy Epon 828 va
chat déng ran gbc amin, do hing Ciba cung cép.

Indole va axit indol-3 butyric (IBA) 14 loai
tinh khiét cia hdng Sigma-Aldrich.

2. Phuong phap nghién ciu
Phuong phdp téng trd: sit dung hé 3 dién



cuc, dién cuc lam viée 1a tdm thép phtt mang
son, dién cuc so sdnh 13 dién cuc calomel, dién
cuc doi la ludi platin, Cdc phép do duge thue
hién trén may Autolab PG30 (Ha Lan). Moi
truong xam thuc 1a dung dich NaCl 3%. Méi
phép do dugc tién hanh trén 3 miu dé khang
dinh kha nang lap lai.

Téng tré cuc bo duge do trén mdy do
Solartron 1275. Hé do sir dung cdu hinh 5 dién
cuc [14], tai 1 tan s6 xdc dinh 1a 5 kHz. Cic
phép do téng tré cuc bd duge ti€n hanh véi
mang son ¢6 khuyét tat trong méi trudng NaCl
107 M, moi trudng xam thuc nay dam bio do
dén coa dung dich dién ly ma khong anh hudng
dén s6 licu do do su hinh thinh cia san phdm a0
mon tai khuyét tat. Khuy@t tat duge tac thanh
bang dao cit, rach dén bé mat kim loai cia miu,
chidu dai vét cit 1a 4 cm. Pdu do nhdy theo mot
dién tich 32000 x 24000 um, mdi budc nhay li
500 pm theo truc X va Y.

Phuong phap hién vi di¢n tlr quét (SEM):

“hinh thdi ca polyindol téng hop duge quan sat
trén may HITACHI S-4800

- Phé hdng ngoai: ciu tric cua polyindol

téng hgp duoc phan tich bing phd héng ngoai

dudi dang vien nén voi KBr.
3. Chuan bi miu

Mau thép duge lam sach diu md bang xa
phong, rira sach bing nudc va lau lat bing dung
moi xylen, rira sach bing nudc cil, etanol, sily
kho, mang tao thanh bing phuong phip quay ly
tam trén mdy Filmfuge 1110N (Sheen), chiéu
day mang sau khi kho 14 20 um.

4. Téng hop polyindol

Polyindol (PI) va polyindol lai tap v&i IBA
(PI-IBA) dugc tdng hop bing phuong phip hoa
hoc theo tai liéu [15] sir dung chil oxi héa
FeCl,. PI va PI-IBA thu héi bing ly tam t6c do
9000 vong/phit, rra sach nhiéu 14n bing nude
cat, sdy chan khéng. Lugng PI va PI-IBA dua
vao mang epoxy la 3%.

111 - KET QUA VA THAO LUAN
1. Khao sat dac tinh cua polyindol lai tap

IBA

Cdu triic cta polyindol tong hop duge phin
tich bang phé héng ngoai. Hinh 1 trinh bay pho
hdng ngoai chia indol, polyindol vi polyindol lai

rén may NEXUS NICOLET-670  (ap IBA.
(a)
(b)
(c)
_ Yt 3
4000 3000 2000 1000
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Hinh 1: Pho hdng ngoai clia (a) indol, (b) PI va (c) PI-IBA
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Phé héng ngoai cia indol, PI va PI-IBA c6
pic 3400 cm’’ déng thdi véi pic 1560 cm™ dac
trung cho dao dong cla lién két N-H, pic 740
cm’ dac trung cho lien két C-H cia vong
benzen [16, 17]. Ngoai ra, trén phd cla indol
con tim thay pic 722 cm™ dac trung cho lién két
C-H cha vi tri C; trong vong pyrrol. Pic nay
khéng tim thdy trén phé cha PI va PI-IBA. Sy
bit bién cha lién két N-H vad C-H vdng benzen
chimg tO phan ttng polyme héa chi xay ra & vi tr{
2 va 3 clia vong indol. Pic 1330 cm™ dac trung
cho lién két Cy-N-C,-C;, pic nay thuong dich

kY x90 0k SE(U) 3/20/2006 15:50

chuyén theo 4dnh hudng cia ion déi, di véi PI,
pic nay duge tim thdy ¢ 1320 cm™ v PI-IBA 1a
1380 cm’'. Phé héng ngoai clia PI-IBA xudt hién
thém pic 1693 cm™ vi 1250 cm’' dac trung cho
nhém cacboxylic va cacbonyl.

Cic két qua phan tich phé h(‘ing ngoai cho
thay phan ting polyme hda indol xay ra chl yéu
O vi tri C, va C, ciia vong pyrrol va IBA da duge
lai tap vao mach polymdol

Hinh thai cita PI va PI-IBA duoc quan sat
bang hién vi dién tir quét (SEM). Hinh 2 trinh
bay anh SEM cuia PI va PI-IBA.

IMS 2.0kV x80.0k SE(U) 3/20/2006 15:68

Hinh 2: Anh SEM clia (a) P1 va (b} PI-IBA

Quan st anh SEM ta thay ca PI va PI-IBA
déu c6 chung cdu tric dang cdu vdi kich thude
hat khoang 30 - 50 nm va twong ddi dong nhat.
Véi hinh thdi cdu triic nay, ddm bao cho PI va
IBA c6 thé phin tdn t6t vdi lugng nhoé trong
mang.

2. Khio sat kha nang bao vé chéng dn mon
cho thép cua I6p phi epoxy cé chira PI-
IBA

Kha nang bao vé& chéng an mon cho thép
clha I6p phl epoxy véi PI-IBA duge theo ddi
bang phuong phdp téng tré dién hoéa theo thdi
gian ngam trong moi trudng xam thuc tai dién
th& mach hé. Hinh 3 trinh bay th€ mach hé cia
thép phl epoxy, epoxy chita 3% Pl va epoxy
chita 3% PI-IBA theo thoi gian thi nghiém
trong dung dich NaCl 3%.

Thé mach hd cla thép phil epoxy khd én
dinh theo thdi gian ngam mau & gid tri khoang
-600 mV, gin v6i gid tri th€ an mon cua thép
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Hinh 3: Bién thién cta gid tri th€ mach hd cia

(o) thép phii mang epoxy, (x) epoxy chita 3%

PI, () epoxy chita 3% PI-IBA theo thai gian
ngam trong dung dich NaCl 3%



trong dung dich NaCl 3%. Ddéi v6i mau chia P,
trong 2 ngay dau, gid tri thé in mon chuyén dich
manh vé phia anot sau dé giam nhanh vé catot,
tuy nhién gid tri th€ dién cuc van rdt gin véi the
an mon cia thép phi mang epoxy. V&i maun
chira PI-IBA, trong 2 tuin ddu, thé an mon
chuyén dich manh vé ving anot v sau dé duy
tri khd én dinh & gid tri the€ khodng -300 mV.
Gid tri dién thé nay duong hon nhiéu so vdi dién
thé dn modn cua thép trin, diéu d6 ching to
mang epoxy chia PI-IBA ¢6 kha nang bao vé
kim loai rat t6t. Su chuyén dich ca gid tri the
mach h& vé viing anot v&i su ¢6 mit cia PI-IBA
¢6 thé quy két cho phan ting c ché an mon tai
giao dién mang/kim loai.

Hinh 4 trinh biy bién thién clia modul téng
tro tai tin s6 10 mHz theo thdi gian thir nghiém.
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Hinh 4: Modul 16ng 1rd tai tin s6 10 mHz clia

(0) thép phil mang epoxy, (x) epoxy chita 3%

FI va (») epoxy chita 3% PI-IBA theo thdi gian
ngam trong dung dich NaCl 3%

Phii hop voi su bién thién cia thé an mon,
modul téng tré clia miu thép phii epoxy giam
trong tudn ddu thir nghiém, sau dé gilr 6n dinh &
gid tri tong trd twong d6i thdp. Méu thép phu
mang epoxy chita PI ¢é gid tri tong tré gidm lién
tuc theo thoi gian ngam mau, sau 28 ngay tha
nghiém, téng trd thdp hon 10 ldn so vdi méu
epoxy. Trdi lai, miu epoxy chia PI-IBA c¢6 gia

tri tng tr& cao hon hén cdc miu khac, gia tri
nay duy tri 6n dinh sau nhiéu tudn thir nghi¢m.
Su suy giam nhanh cia mang epoxy chira PI
6 thé do sir ¢6 mat cha PI gay khuyét tat trong
mang, 1am cho nudc va chat dién ly dé dang
thdm qua mang dén bé mat kim loai. Hon nita,
su ¢4 mat cta ion Cl” nhu ion d6i trong mach PI
cling lam gia tang qva trinh &n mon kim loai.

Trai lai, sy c¢é mit cia PI-IBA 1am cai thién
dang ké tinh chét bao vé clia mang, thé hién su
dich chuyén manh gi4 tri th€ dién cuc vé anot va
gid tri téng (rd cao cha mang. Su gia ting niy
duge gidi thich do kha nang ¢ ché€ an mon thép
cua IBA. Theo cdc tai lieu da cong bd, c¢é phéan
ing oxi héa khir gilta polyindol va sat, din dén
sut chuyén dich cdc ion lai tap dén bé mit thép
[18, 19]. Trong trudng hop ion lai tap 14 IBA,
chinh sy xuat hién cita TBA tai giao dién
mang/kim loai dd Gc ché phan img an mon thép,
lam cho thé dién cuc dich chuyén vé viing anot
va gilf cho thép khong bi an mon.

Theo cong trinh nghién ciru trude [13], trong
moi trudng NaCl 0,1 M, IBA c¢6 kha nang ic
ch€ an mon thép nhé sy hdp phu hda hoc gilta
phan tir IBA va orbital d tréng ning huong thap
cla sit.

Céc két qua do 16ng trd dién hoa cho thay su
gia tang rd rét kha nang bao vé chéng an mon
thép clia mang epoxy c6 chita PI-IBA. Su gia
ting ndy 12 két qua clia chuyén dich IBA dén bé
mat thép, (¢ ché phan tng an mdn. Nhu vay, ¢
thé cho ring do phén ting oxi héa khir clia Pl va
sit din dén viéc chuyén dich IBA dén bé mat
thép tc ché phan tng an mon. Phan ing nay chi
xay ra khi nudc va oxi di ngdm qua mang va
quéd trinh an mon thép bt ddu xdy ra, trong
truong hop nay, PI-IBA déng vai trd nhu mot
chét tc ch€ an mdn “thong minh”, tu sira chita
va chi hoat dong khi cén thiét.

Pé khing dinh kha nang tu sira chira chia
mang epoxy chifa IBA, cdc phép do tong trd cuc
by v&i khuyét tat di duge ti€n hanh theo thoi
gian, Hinh 5 trinh bay gidn dd téng trd cuc bo
cta mau thép phu epoxy chita PI-IBA theo thoi
gian thir nghiém trong moi truomg NaCl 107 M.

Quan sdt gian dé tSng trdy ta thay, gidn dé
thay déi theo th&t gian ngam, tir 0 ngay dén 7
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ngay, modul dién dan tai khuyét tat tang do
phan 1ing an mon thép tai khuyét tat. Tuy rhién
tai nén son modul dién din lai gidm (16ng trd
tang). Su suy giam cua modul dién dén tai nén
son ¢6 thé do hiéu qua clta phan tng khir cia PI-
IBA dan dén giam do dan ciia mang, Phan tng
khir ctia polyme dan dén viéc giai thodt cdc
anion dgi trong mach [19]. Tiép theo, sau khi
thdi gian ngdm mdiu tang (16 ngay), modul dién

din giam 1 cach ddng ké tai vét rach, diéu do
chitng 10 ¢6 sy hinh thanh mang bao vé tai vét
rach do su giai thodt cac anion déi IBA. Céc két
qua trén khang dinh kha nang tu sira chita cia
h¢ son khi bi an mon. Khi nang nay duge quy
két cho su giat thodt va di cu coa IBA tlr mach
polyindol t&i ving kim loai bi an mon va phin
tng véi sat tao thanh IGp bén an mon rén bé
mat thép.
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Hinh 5: Gian d6 tdng trd cuc bo clia thép phit mang epoxy vdi khuyét tat sau
(a) 0 ngay, (b) 7 ngay, (c) 16 ngay thi nghiém trong dung dich NaCl 10°*M

IV - KET LUAN

Polyindol lai tap véi mot axit di vong nito,
axit indole-3 butyric da duge (Ong hop bing
phuong phap héa hoc. Cau tric va hinh dang
cua polyindol da duge khao sdt bang phd héng
ngoai va hién vi dién tlr quét. Phuong phép téng
trg thong thudng va ©dng trd cuc bo di dugc sir
dung dé khio sdt kha nang bao vé chéng 4n mon
thép cua mang epoxy c¢é chita polyindol. Cac két
qud thu duge cho thay su ¢ mit cia PI-IBA lam
gia ting ddng ké kha ning bao vé chéng an mon
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cua epoxy. Su gia ting nay 1a do su gidi thodt va
chuyén dich cla IBA tir mach polyindol i bé
mat thép do phén (ing oxi héa khir clia polyindol
vOi sit, tic ché phan ung an mon. Phan tng (e
ch& dn mon chi xdy ra khi cdn thiét, tai nhing
ving kim loai bat dau bi an mon.

Loi cam on: Cdc tdc gid xin chdn thanh cdm on
churong trinh nghién ciu co bdn ciia Nha nudc
da hé tro kinh phi dé thuc hién céng trinh
nghién citu nay.
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